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(54) Printer and method of compensating for malperforming and inoperative Ink nozzles In a print 
head 

(57) Printer and m^od of compensating for inoper- 
ative nozzles in a print head. The printer (10) ponpri^^^ 
a print h^ (40) and a pluraiity of riozzles (50) ftjrmed 
in the prirt hej^d. A4 le^ rnqy be 

inoperative and at (eiB^^ a^ the nozzles is 

operative. A dete<^pn system (325) is coupled to the 
nozzles for detecting the inoperative nozzle. A computer 
(90) is connected to the detection isystem^to 
ing printing function of the indperalive ridzzle to the 
operative nozzle, 80 th^ a suiteible output image is 
printed although some nozzles are inqpierativa 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to Inkjet printer s 
apparatus and methods and more particularly relates to 
an Inkjet printer and method of compensating for malp- 
erforming or inoperative ink nozzles in a print head, so 
that high quality images are printed although some ink 
nozzles are malperforming or Inoperative. io 
[0002] An ink jet printer produces images on a 
receiver by ejecting ink droplets onto the receiver in an 
Imagewise lashton. The advantages of non-impact, low- 
noise, low energy use, and tow cost operation in addi- 
tion to the capability of the printer to print on plain paper = is 
are largely responsiblefbr the wide acceptance of . ink jet 
printers in the marketplace 

[0003] It is known th^t quality printing by an irik jet 
printer requires repeated ejection of ink droplets from 
ink nozzles in the printers print head. However; SQiiirie of 
these Ink nozzles may maiperform. Tliat is/some ink 
nozzles may Indeed eject ink droplets: however, the ink 
droplets are ejected along a trajectory deviating from 
the droplets' desired trBjertory. tiiereby leading 
facts in the printed image. Aiso. some ink nozzles may 25 
eject ink droplets having ink droplet volumes; either less 
than or greater tiian the desired ink droplet volume. In 
additton. some ink nozzles may eject Ink droplets at an 
undesired velocity. Moreover, some ink nozzles may 
completely fail to eject any ink droplets at alL When so 
such malperforming nozzles are pr^ent undesirable 
lines and artifacts will appear in the printed Image, 
thereby degrading image quality. Also, when nozzle fail- 
ures occur, unprinted lines will appear in the printed 
image along the directk}n of print head movement, 3S 
therek)y greatly degrading image quality 
[0004] Malperforming and inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Malperforming and inoperative nozzles may 40 
also k>e due to Inadvertent presence of foreign particles 
in the ink or faulty nozzle holes In a nozzle plate 
attached to the ink nozzles. Yet another reason for 
malperforming and inoperative nozzles may be Inability 
to activate the ink droplets when required. That Is. ink 4s 
nozzles may fail to eject ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to eject ink droplets. Moreover, Ink noz- 
zle malperformance due to failures in the electric drive 
circuit may give rise to ink droplets not having either a so 
desired volume and/or a desired velocity, which in turn 
produce image artifacts. Also, such malperforming noz- 
zles may only maiperform intermittently That is. such 
malperforming nozzles may operate as desired for a 
time and then maiperform for a time only to return to the 55 
nozzle's desired operation. Moreover, in the case of 
thermal ink jet print heads, resistive heater elements 
that are in heat transfer communication with the ink in 



the nozzles for Meeting ink droplets may become 
degraded by repeated on-off heating duty cycles. Such 
heater element degradation compromises ability of tiie 
heater elements to supply the desired amount of heat 
when activated. For example, if a degraded heater ele- 
ment supplies less that the desired amount of heat to 
the InK then an Ink droplet may riot be ejected from its 
associated Ink nozzle. Therefore, it would be desirable 
to unclbg such malperforming or inoperative ink nozzles 
or otiierwise enable such malperforming inoperative ink 
nozzles to produce quality Images. 
[0005] Techrilques for purging^^^^ nozzles are 

known. For eoiiari^ Patent 4.489,335 disdpses a 
det^or tt^ det€K?ts^n^ 

leta A nozzle purging operatfoh then occurs wheri the 
dogged ink hpzzl^ are detected. As another example. 
US. Patent 5,455,668 di»3lc»^ 
Clearing procedures of inaeasihg intent noz- 
zles fib longer ^11 to eject Ink CH:oplet^^ 
deieuing techi^ues are (fisdc^^ In ua^^^ 
4.165.363 arid Ui^;*^ 

[d^] Howler, the art referred to hereinabove 
appear di rected to recovery pro<^Mr<^ when a no 
completely fails to ejept ah; lirtk drbp^ art 
appears to ignore the c^se in whidi/ a^^ the 
purged nozzle ^ects. an ink drc^jst, the cirpple^ 
thejess does not poss^ des^ (for 
ecample, deared trajilli^ oh). 
Moreover, the art rieferred to hereinabove appear to 
ignore the case in which not ell failed nozzles can be 
recovered to be functional merely by performing nozzle 
dearing operations (for example, wiping, purging, 
extensive firing £^ F^or e?(arnple,^^^s^^ 

lates In the Ink bloddhg the Ihk ribzzies may strongly 
resist removal by nozzle clearing operations^ That is, if 
only some of the soFict coagulati^ are removed, then an 
ink droplet will eject; hcwevw. tiie ejected ink droplet 
may not have the desired trajectory, desired volume, 
and so on. Moreover, such nozzle dearing operations, 
even if successful in removing sblkl obagula^ 
repair failed resistiya heaters or failed c^edHc dnVer cir- 
cuits. Of course, presence of such permanentiy malper- 
tonrning or inopetia^e nozzles compromises Image 
quality 

[0007] Therefore, an object of the present invention is 
to provide an ink jet printer and method capable of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that quality images are printed 
although some ink nozzles are malperforming or inoper- 
ative. 

SUMMARY OF THE INVENTION 

[0008] With the above objed in view, the present 
invention is defined by ttie several claims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 
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the nozzles may be inoperative and at least another one 
of the nozzles is operative. A detection system is cou- 
pled to the nozzles for detiactir^ the inoperative nozzle. 
A computer is cbrinecfted to the detection system for rer 
assigning printing; function ci the inoperative nozzle to 5 
the operative nozzle, so that a suitable output irhage is 
printed although some nozzles are inoperative. 
[0010] : A feature of tiie presem is the provi- 

sion of an ink jeri primer oonnprii^^ 
ing optative; ink : nozzles that ; : are cap^e 6f 
conpeniBattn^ fbr malpeibritiihiQi arid inoperEitive ink 
nozzles. 

[00111 An a^varrtage of th^ 
quality images ariB p^^^ noz- 
zles are malperlbrming or inoperative. 
[0012] Another advantage of the present invention is 
that lifeitiTOiCif-i^^ - 
printing costs are reduced. 

[001 3] These and other objects^ features and advan- 
tages of the present inyeriton will t>e^ 
those skilieid in the ak i4»n 4 reklihg of the fbllowihg 
detEuleid descriptibii^A^ in conjunction vyith the 

drawings wherctfn there is shownfi ieuid described Hlustra- 
tive ennbodimentS:Of theinvemion. 

-BRIEF DEiSCRiPTION OF THE DRAWINGS 

[0014] While the specif ication concludes witli daims 
particularly poiriting^out an^ dcdrrdng the sub- 

ject niatter cl the preserit 1^ it is believed the 
invention: virill be better Und^^ fbllbwirig 
descriji^dh 
parij^rig diiawihgs:%^ 

Figure 1 is a view in perspective of a prihier with 
parts removed for darity; . 
Figure 2A lllustratlBS a fiirst mask pattern produced 
by an operative nozzle of the printer during a first 
printing pass; 

Figure 26 illustrates a second mask pattern pro- 
duced by ari operative nozzle of the printer during a 
second printing pass; 

Figure 3 illustrates a first algorithm lor acquiring 
nozzle performance informatk>n. (that is. nozzles 
operative, malperfbrniing or inoperative): 
Rgure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
by an inoperative nozzle of the printer during a first 
printing pass; 
Figure 5B illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
second printing pass; 

Figure 5C illustrates a test image for detecting 
malperfbrming ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algorithm providing 
image processing steps which result in compensat- 



ing for malperforming or inoperative ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present description will be directed in par- 
ticular to elements forming part of. or cooperating nnore 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or desaibedmay take various forms well 
known to those skilled in the art. 
[0016] Th^efbriBi referring tb Figs. 1. 2A arid 2B, there 
IS shown a printer generally referred to as 10, for print- 
ing an output iniage 20 on a receiver 30. whichmay be 
a reflectivehtype receiver (for example, paper) or a 
trsmsmissiye^iyp example, trah^sp^ 

Printer 16 priht^iniagea^^^^ head 40, 

which is an ink Jie^ p^^ ink 
'ejeiction riosdes 50^ :1^ dis^ 
cloised hereint^lbw, eadi nozzle 50 is assigried a 
unique index riuii*er "Nj". wher^i = 0. . . M, Here, the 
value may be equal to the total number of nozzles 
50 fbrmed in print head 40. By way of example only and 
not by way of lihittation, theremay be 200 index num- 
bers where i =0 to 199^ that is. there may be 200 ink 
nozzles 56 in print head 40. 

[0017] Referring again to Rgs. 1 , 2A and 2B. it is seen 
that printer 10 generally comprises the folk>wing conripo-. 
nents: (a) a rotatable platen 60 arid a receiver guide 70 
for translating receiver 30 with respect to print head 40; 
(b) print head contrbl eleckfonics 80 connected to print 
head 40 for controllihjj activa^bn of nce^^^ 

control eleclrohics 80 fbr prcvkJihg irihage datsi to print 
head control dectfonjcs 80; (d) an image processor 1 00 
coupled to computer SK) for processing the digital image 
data; (e) and motion control electronics 110 associated 
with print head 40 and platen 60 for controlling transla- 
tion of print head 40 and rotation of platen 60. Each of 
these componefnts in additton to other comjponents 
d^ining the invention are described more fully herein- 
below. 

[0018] Still referring to Rgs. 1 . 2A and 2B. printer 10 
further comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 
anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to recover 30 atong a direc- 
tion illustrated by a double-headed arrow 125. In tile 
preferred embodiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 
ing a gear 140, which in turn engages a pulley-belt 
assembly 150. Pulley-beK assembly 150 moves print 
head 40 with respect to receiver 30 along a fast scan 
direction as indtoated by anrow 125 when first motor 130 
operates. Although not shown, print head transport 
mechanism 120 may furttier include positional feed- 
t>ack. a liner encoder, and a direct current first motor 
130. Alternatively, print head transport mechanism 120 
may be a screw-driven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen GO 
and threadably engaging print head 40 for rec^rocating 
print head 40 along a longitudinal axis of the lead-screw. 
Moreover, printer 10 also comprises a receiver transport 
mechanism, generally referred to as 160, for translating s 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated by an arrow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- io 
ment 180. Second motor 170 operates platen 60 by 
means of gear arrangement 180, such that receiver 30 
moves in the direction of arrow 165 arid sljdes along 
guide 70 when second motor 1 70 operateis. 
[0019] Referring yet again to Fig& 1. 2A and;2B. adig- 75 
ital image source 190 is connect^ to computer 90 for 
supplying an input digital image {hot shpyyn) to pom^ 
ter 90. which inputdigitalimage connprises a plurali^ 
pixel values characterizing the digital image by pixel 
color, f^xel location, and so on. In this regard, digital 20 
image source 190 may be a digital camara^ s^ 
the like (also not shown). Alterhatiy^, tl^s IripMt cfigital 
image also may be created oh tbmputer 90 ^ means of 
a suitable user Interface that may iri<^de a di^lay^ 
keyboard, a stylus, and/or a "mouse" (also not shown). 25 
Computer 90 preferably includes at least one cornmuni- 
cation port (not shown) for transferring image files and 
other information to external devices, such as a cpmpu- . 
ter network mass storage area. A nozzle perfbrmance 
information source 200 is stored in a memory (not 30 
shewn), which is connected tp q^^ 90, for s^ply- 
ing information to computer 90 about performance of 
each nozzle 50. In this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "malperforming". "inoperative" or 35 
"fully operative", as described in detail hereinbelofw. 
[0020] In addition, in ink jet printing, an image row is 
often printed in more than one printing pass for at least 
two reasons. Rrst, risk of ink coalescence on the ink 
receiver is minimized because only a subset of ail 40 
image pixels is printed in each printing pass. This also 
reduces probability that ink spots at adjacent pixels will 
be in liquid contact. Secondly, visual artifacts caused by 
variabilities t>etween ink nozzles are reduced. Such var- 
iabilities may be due to variabilities introduced in rnanu- 4s 
facturing the print head. In order to ameliorate such 
variabilities, each image row Is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as errors in ink drop placement or ink 
drop volume, between ink nozzles 50 can therefore can- so 
eel each other and make image artifacts less apparent 
to the naked eye when more than one printing pass is 
mada 

[0021 ] Therefore. Rgs. 2A and 2B Illustrate printing of 
a single image row 210 in twvo passes when all nozzles ss 
50 are fully operative. The terminology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles SO that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, and desired ink drop vefodty Entry values 
of mask patterns in image row 21 0 comprises a plurality 
of pixel locations 220 having pixel location index num- 
bers Pjj, where 1^0... M and j « 1 . . . c. In this exem- 
plary embodiment of the invention, "M" is the total 
number of pixel rows that extend horizontally on 
receiver 30 and "C" is the total numk>er of pixel columns 
tiiat extend vertically on receiver 30. Thus, the subscript 
T fdr pixel location P{j denotes a row focation and the 
sui^scrrpt "j" for pixel location Py denotes a column loca- 
tion. Therefore, location of each pixel in image 20 can 
be described by Hs two<limensional pixel location 
number P|. However, it should be noted that values of 
Pg are values for mask paUerns^^^ 210 
rather than pixej values obtained from the d'^ital input 
image, as djsc^ad mprei fully hereinbalo^ i^- orcler to 
determine wKe^er a pixel; 

value and thei;^ ipput iiriage are 

Ipgicsdiy mutti^ed^^ 1oglcal)y||h "/^P" arill^ 
■operation). : ■ ■ ■ ■ 
[002^] Referrihg to 1^ 

ated tiiat a perfectly openati^ priritar i 1 Q has af j; nc>^ 

50 operative. The printing process begin^ 

transport mechanism 160 positions receiver 30 so tfiat 

image row 210 comes into registration with nozzles Nq. 

Next, print head trarisport mechanism 120 translates 

print head 40 alongiithe fasft scan d^ 

tion of arrow 125) itb print a swath pla^ oompri^ng M 

image rows. More specifically, image row 210 Is printed 

using af fr$tJTm$k;|^^ 

printing pass. For purposes of illustration, fii^ rnask pat- 
tern 250 for nozzle 50 is illustrated as containing entry 
values of "O's" and "1", where the entry value of "1" is 
used herein to indicate that nozzle Nq has been enabled 
to print a pixel at a predetermined pixel vajue ait: pixel 
Ipcation Py and the entry value of "XT is used herein to . 
indfoate that nozzle l^o has been disabled to not pi'int a 
pixel location P^. 

[0023] Referring to Fig. 2B. receiver 30 is advanci^ by 
receiver transport mechanism 160 so that image row 
210 comes intp ragistration witii nozzle Nioo* At this 
point, the next swath plane of image 20 is pririted. More 
specifically, image tqw 210 is printed using a second 
mask pattern 260. As described hereinabove.: tiie val- 
ues of "O's" and "IV at pixel locations P^ In secqpa 
mask pattern 260 represent enabling arKi disabling, 
respectfully, of printing at each pixel fdr that particular 
pass. 

[0024] Referring again to Figs. 2A and 2B, entry val- 
ues in second mask pattern 260 are complementary to 
values in first mask pattern 250. That is. where an entry 
value of "0" appears in a column "j" of first mask pattern 
250. such as at pixel location Po,i. a complementary 
entry value of "1 " appears in the same cof umn "j" of sec- 
ond mask pattern 260, such as at pixel location P^oo. i- 
Conversely, where entry value of "1" appears in a col- 
umn "j" of first mask pattern 250, such as pixel focation 
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Pq^, an entry value of "0" appears in the same colunnn 
T of second mask pattern 260, such as at pixel location 
Pioo, 2- 

[0025] Referring yet again to Figs. 2A and 2B, image 
row 21 0 is printed by nozzle 50 having index number Nq 
in the first printing pass and then over-printed by nozzle 
50 having index number Nioq in the seoohd printing 
pass. In this manner, the confined effect of mask fsat- 
tems 240 and: 250: produced by the first and second 
printing passes^ respectiyely. allows ail pixels in inr^ge 
row 210 to be printed. Thus, during the first printing 
pass, nozzle No activated to print a predetermined 
portion of irna^e irtWv 2^ usiHg nnask pa^^ Sim-: 
ilarly. during the isecond pri 
activated to priiit^::j^^^ 
210 uslhg:hria6R 260: Ih itie p^ 

nozzies that print oveir the isarti^; i 
noizzles Nb a»^ 

Another hb»le group rnayindi^ 
Yet aifiother nozzle gro^ 
N199. It nlay be ippr^ 
thitt the presem iVivj^^ 

of orgarn2jng houle'^ot^ vary dependirig 

on the specific printing mode Jseleicted iuid i^ 
ferent from the example disclosed Inimediately hereir>- 
above. Such specif ic printing modes niay, for example, 
be number of printing passes, paper transport amount 
after each pass, aind so on. 

[0026] Rief^mng to Figs. 1v 2A a^ 2B. the jriputdtgital 
image is tiiii^nnltt 

computer 96 wher® injiut digital irt>aig(ff i^qC^ 
essed by image processor 100. In this regard, image 
processor 100 is capable crpjpping. tone 

scale trarisrfbrmatioh, color transfbrnration, and/or hfdf- 
torang the input digital imaigie. Mpreovw^ irriaige^^^ 
sor 100 piaciBS the input d'igitiat irhiage iri a format useful 
for input to Ink jel print head 40, which irtttioe/*^^ 
may be in the form of separate color planes comprising 
the input digital image (for example, yellow, nriagente, 
cyan and black color planes); or a plurality of swath 
planes that are each printed during different printing 
passes, as described hereinabove. As described more 
fully hereihbelow, image processor 100 cUsb inducjes a 
first algorithm 27b (see Fig. 3) that acquires nozzle per- 
fornwice information such ias whetfner nozzles 50 are 
either operative malperibrmihg or inoperative. Also as 
described more fully hereinbelow. image processor 100 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 and 370 are used to acquire nozzle per- 
formance information and to compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Refen-ing yet again to Figs. 1 . 2A and 2B, the 
processed digital image data provided by Image proces- 
sor 100 is transmitted from image processor 100 to the 
previously mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals that selectively drive (that is. selec- 
tively activate) nozzles 50. These selectively driven noz- 
zles 50 produce output image 20 on receiver 30 by^ v 

5 printing a plurality of image rows 210 onto receiver 30. 
In addition, niotion control electrontos 110 controls first 
motor 130/so that print head 40 is controliably trans- 
lated with respect to receiver 30 in order to print each 
Image row 210 in first mask pattern 250. In addition, 

to after each swatii plane: is printed, motion control elec- 
tronics 11 6 contlrp1s.seix>nd^^n^^ 
60 rotates to advance r^e^^ 30 In a direction illus- 
trated by arrow 165; Receiver 30 is advanced in this 
manner in order to priBpare the ink nozzles in the same 

IS nozzlie^gix)Uf> to 

260 on inriajgje 0 of image 20. it may be appreci- 
: . ated frprti tiie description that a single 

; ; image :rdW-;i^ may l^e com- 

pletely printed ih 3, 4, 61 or any number of such printing 

20 passies- if desiredv ^ 

[0028] The description hereinatxyve was directed to 
the nonvnal case where all nozzles 50 are operative 
and rio.nozzl^ 50 are malperfbrming or inoperative. 
However, sorhe of tiiase nlDzzles 50 in fact may be maip- 

25 eribrming or ihopersitivib. It is desirable to detect and 
compensate fa malperforming or inoperative nozzles:- 
50 by activating fully operative nozzles 50, so as to pro-> 
vWe high quality output image 20. 
[0029] RefeiTing to Figs. 1. 2A. 2B and 3. first algo- 

30 rithm 270 for providihg ;fx>^ information 
begins wHhdet^hgir^^ 
: aid bf i 

are d^^ed in a rh^ idisdos^ preseritiy. Next, • 
nozzles 50 are organized into nozzle groups, as at step 

35 320, and as described hereinabove. Sortie of the index 
numbers H are associated with malperforming and 
inoperative nozzles 50, while other ones of the irKlex 
nunibers Nj are asspdated with fully operative nozzies 
50. In step i347. these nozzle index numbers N} repre- 

40 senting either malperfbrminjg, inoperative or operativie 
nozzles 50 are stbired as nozzle performance informa- 
tion in nozzle performance information source 200. This 
riozzle performance information is tfien transmitted from 
performance information source 200 to computer 90 

45 where it is processed tor use by infiage processor 100. It 
may be appredaited that nozzle p^ irifbrhfia- 
tion source 200 may be stored in an electronfo memory 
connected to computer 90 for storing nozzle Indices N|. 
[0030] As best seen in Rgs. 3 and 4. any inoperative 

so nozzles 50 are detected by an optical detection system, 
generally referred to as 325, comprising a light source 
330 laterally disposed to one side of print head 40 and 
a light sensor 340 laterally disposed to an opposite side 
of print head 40. Ught sensor 340 is coupled to nozzle 

55 performance information source 200 for transmitting an 
electrical signal to nozzle performance information 
source 200. as described in more detail presently. Ught 
source 330. which may be a laser light source, Is colin- 
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early aligned with light sensor 340 and emits a fight 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340, which may be a 
photodiode. receives Kght emitted by light source 330. 
Thus, in order to detect operative nozzles 50. motion 5 
control electronics 110 translates print head 40 to a 
position between light source 330 and light sensor 340, 
so that when an ink droplet 290 is ejected from opera- 
tive nozzle 50, the light beam is Interrupted. VVhen the 
light beam Is interrupted in this nfianner, an electrical w 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded In nozzle perfbrmaric^ IrifcMimatio^^ 
source 200 as ah operative nozzle 50w On the otfier 
hand, if ink droplet 290 fails to eject from no?zle 50 
when nozzle 50 is activated, then the light beam is unin- 
terrupted and no electrjcal signal is produced T^ht. 
sensor 340. In this lafjter c»^e» nozzle sp'M^ 
nozzle perfornisurice inilbrnii^ source' as e^^^ 
erative nozzle 50. Using this Iriformatioa nriask pfrtterhs 
250 and 260 are applied tp nozzle grpup^ h^ 
operative nozzles. Mask patterns 345 arid 34$ a^^ 
sequently applied to; nozzle. groups that: iridiiiid^^^ 
ative nozzles. 

[0031 ] However^ some nozzles 50 may :b0 rhalper^ 
forming in the sense that ink droplets 290 are ^ected 
but not as intended. Such nozzles are not completely 
"inoperative" and not lully operative" For eicample, 
some ink nozzles 50 may indeed eject ink droplets 290; 
however, the ink droplets 290 are ejected along a trajec- 
tory deviating from the droplets' desired trajectory; that so 
is, the traiectoiy npipal tOja no^le p^ite (nct ehpy^ 
belonging to pHrithi^d 40. Other ink noaies iray eje^ 
ink droplets 290 having ink droplet voluines either less 
than or greater than the desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 3S 
ing in output image 20. That is. when such malperfbrnf}- 
ing nozzles 50 are present, image artifects, such as 
banding, will appear in the printed image, thereby 
degrading image quality. As described presently, the 
invention compensates for such malperfomUng nozzles 40 
50, as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen in Rg. 5C, a test image 

361 is first printed by a specific print head 40 for acquir- 
ing nozzle performance information. The purpose of 45 
printed test image 361 is to detect nozzles that are 
malperfbrming as well as nozzles that have conipletely 
failed. In this regard, printed test image 361 includes a 
plurality of ink marks, such as lines 362. with each line 

362 being printed by a different nozzle N|. where i = 0 to so 
199. For purposes of clarity, test printing results for only 

a subset of all two-hundred nozzles are shown in Rg. 
50. That is. test printing results only for nozzles N}, 
where i « 0 to 19 are shown. 

[0033] Still referring to Rg. 50. a desired (that is. per- ss 
fectly formed) line 363 printed by a fully operative nozzle 
N12 comprises a plurality of generally aligned ink dots 
364a of substantially equal size, each ink dot 364a 



being formed by individual ink droplet 290. However, if 
any one of nozzles 50. such as nozzle N2. completely 
falls to eject ink droplet 290, then a space 365 is 
ot>served where line desired 363 shoukd t>e. In add'rtion. 
if any one of nozzles 50. such as nozzle N7, ejects ink 
droplet 290 along an undesired trajectory, then a line 

366 is displaced from its intended location in prints test 
image 361. Moreoy^er. if any one of nozzles 50^.^^ as 
nozzle N ejecte an insuff icieht: volurne of: Ink for ink 
droplet 290. then a jlQbter and thinner thcui desired line 

367 is produced, in this caSe. lighter than desired line 
367 comprises Ink dots 364b that are smaller than ink 
dots 364a. In addition, jf any one of nozzles 50. such as 
nozzle N|9, ej ects niore than dissire^ volume 6f ink for 
ink droplet 290. then a^^c^ 

line 36$, is [ prddf^e<^^ 
line 3^ cdn^s^^ 

dots 364a. Ilie rKXz^ operative, as 

well as malperfoimng nozzles, are stored in nozzle per- 
formance information source 200. 
[Q034i RefeiTing ag^ 5, ai^ 

no2Lzles 50 inclitciii^ completely '^ 
can be detected vis^ by fpeens:<^ 
operated apparatus^ \yith riegard visual 

detection, an pperatdr of printer 10 examines nozzles 
50 and determine$ the malperforrning noz^^^ 
the cpnripletely failed nozzles. the operator nozzle 
index numbers Nj ccM'resppnding to those nozzles eject- 
ing inkdroplets 290 in an undesirable nrianner as well^ 
those nozzles that completely fail to eject; ink droplets: 
The operator then inputs #iis information into compM 
90, viHiiich stores t^ nozzle perfprrrarice 

information Sfource 200, On the other hand, wjth r^^^ 
to detection by means of autpnriaticaliy operated appa- 
ratus, printed test irnage 361 Is imaged by an irnage 
sensor (not shpwn)i preferably irrtegraJjy conn 
printer 10. TTieimage isf tiien analyzed:by:at least one 
a pluraHty of Iniage pattern recognition programs well 
known in the art, to detect majperfbrmtng nozzles 
including completely failed nozzles. This infdrmation is 
then stored in nozzle performance information: source 
200. 

[0035] Referring to Figs. 4 and 6. it may be appreci- 
ated from the discussion hereinabove that previously 
mentioned light source 330 and light sensor 340 are 
used to deted pompfetely failed nozzle 50. Also, it may 
be appreciated from the discussion herelnabbve that 
test image 361 is also used to detect a completely failed 
nozzle 50, as well as detecting other malperforming 
nozzles 50. Therefore, if it is desired merely to detect 
completely failed nozzles 50, light source 330 and light 
sensor 340 may be used. Altematively. test image 362 
may be used to detect completely failed nozzles. An 
advantage of using light source 330 and light sensor 
340 to detect a completely failed nozzle SO is that test 
image 362 need not be printed. This results in a con- 
comitant time savings because time spent printing and 
analyzing test image 362 is avoided. 
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[0036] Figs. 5ifV and 5B provide an exemplary illustra- 
tion of how such malperlbrming arid inoperative nozzles 
50 are compensated for by operative riozzles 50. In the 
exarnple described presently, nozz is assumed to 
be an inoperative (that is. tailecO nozzle. This nozzle No 
will define a third mask pattern 345 in the fii^ printing 
pass. In this regard, third mask pattern 345 defined by 
nozzle No is illustrated as containing entry values of all 
"0*8" (that is. nozzle No inoperative). On the other hand, 
nozzle Nioo 1$ aissumed tp be an operative nozzle. This 
nozzle Nioo defines a fourth mask pattern 348 in the 
second printing pass. In this regard, fourth mask pattern 
348 defiried by nozzle N^oo illustrated as contairiing 
entry values of ail "1V (that is, nozzle Ntoo PP®'^^>ve). 
Thus,: it riiiiy be uiid^rrt appem^^ 
in fourth hfiask pertiteipn 348 are^^c^^ 
values appearinig in t^^ mask petterri 345. That is, 
where eritry \^lu^ qf >^ in co|m^ for thirds 

mask psrtterh 345^ a corn^ 

appears in the 6^ "j" for fcairth ma^k pattern 

348/ \- 

[0037] FHeferrifig again to Figs. 5A arid 5B. and as 
desaibed h^einaboye. third mai^k pattern 345 is illus- 
trated as containing entry ^«llues of all "O's" (that is; nbzr 
' zle No inoperative) ajT^ pattern 348 te 

'^illustrated as containing eritry values of all "i's" (that is. 
nozzle Niob?*^ 

desCTiptfon'Kereiriabdve that when the erttry yal^u^^^^ 
third mask patter^^ ^ spiMif ic ini6i;^r^^ 

nozzle 50. the?n noi3i3®^ % v- Q) 

will beprinted ir|^;i^^ 
irrage valiJNB at^ti^ 

further appreciated fipm the descr^rtiion hereinakxjve, 
that if the entry values in fourth mask pattern 348 are "1 " 
for a specific bpemtive nozzle 50| then pixel locations 
Piooj will beiirintiBd in the second pririting pass conisist- 
ent wHh the image values for thc^ pixel locations. In 
this manner, all pixels for image row 210 are printed 
even though some nozzles 50 are inoperative. Also, the 
corrtjined effect of fourtti mask pattern 348 when over- 
laid ortto third mask pattern 345. after completidn of the 
first printing pass and second pririting pass, allows all 
pbcels in image row 210 to be pririteid using: operaiiye: 
nozzles 50 in place of inoperative nozzles 50: 
[0038] Referring to Figs. 3, 5A and 5B. if nbzzie N© te 
detected as inoperative in the manner disclosed herein- 
above, then third mask pattern 345 for nozzle No is 
stored in nozzle information source 200, as at step 347 
of the previously mentioned first algorithm 270. Next 
the inoperative nozzle 50 having index number No is 
disabled, as at step 350 of first algorithm 270. This dis- 
abled nozzle 50 having index numb«^ No Is illustrated in 
Rg. 5A. wher«n each entry value for.each pixel location 
is "0". These entry values of "0" indicate that no pixels in 
image row 210 are printed in the first printing pass. Put 
another way, the printing function of disabled nozzle 50 
having index number Nq (that is. disabled nozzle 50 
having entry values of "0") are reassigned, as at step 



360 Of first algorithm 270, to operative nozzle 50 having 
index number Nioo (^^^ enabled nozzle 50 having 
entry values of "I.*); Thatis. printing function of disabled 
nozzle No is reas^gned to operative hozzle N^oo* "Hius. 
5 entry values in image row 21 0 have a value of "1 " during 
tfie second printing pass, so that all unprinted pixels 
associated with inoperative nozzle Nq in the first printing 
pass are printed by operative nozzle N^oo the second 
printing pass. 

10 [0039] Turning now to Fig. 6. there is shown a secorxi 
algorithm, generally refenred to as 370. Second algo- 
rithm 370 illustrates imaging processing steps per- 
formed by image processor 100. In this regard, at step 
380 the input Image is operated upon in order to resize, 

16 crop, tone scale.: halftorie; transform color, and separate 
image row planes for each printing pass and each ootor. 
It niay be appre€^ 100 may 

perforrn other desired ir^ 

as needed: As tllustrat^ at step 390, a swath plarie 
20 iricludihg a pluiality <)f images r is extracted; that 

is. all pixel valtieis of the swath j^arie are read by image 
processor 100. Next, an image column is extracted from 
the swath/plane, as at step 400. An image pixel is then 
extracted from the image colurnn "j" (where j » 1 . . . C), 
25 as at step 410: in addition^ step 420 determines 
whether nozzle 50 falls into a nozzle group conteining. 
inoperative nozzles. If all nozzles in a nozzle group are- 
operative, nominsd (that is, regular) mask patterns are 
applied as shown in Figs. 2A and 2B and at step 430. 
30 On the other hand, if nozzles' 50 Include inoperative 
nozzles, new mask patterns 345 and 348 are applied. 
as at;s^3> 44d. M 

repeated for all pixels Py in steps 450 through 470. It 
should be observed that first algorithm 270 and second 
35 algorithm 370 preferably reside in computer 90 in 
machine language. 

[0040] It is appreciated from the description herein- 
akx)ve that an advantage of the present invention is that 
high quality images are printed although some ink noz- 
40 zles are nnalperibrming or inoperative. This is so 
because pixels that wouW othenwise be printed by inop- 
erative ink nozzl(^ 50 in a first printing pass are instead 
printed by operative ink nozzles 50 in a second printing 
pass. 

45 IP041 ] Another advantage of the present invention is 
that printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
forming and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described witii 

so particular reference to its prefen-ed embodiments, it will 
be understood by those skilled in the art that various 
changes may be made and equivalents may be substi- 
tuted for elements of the prefenred embodiments witiiout 
departing from the invention. For example, printer 10 

55 may include a nozzle purging apparatus in communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device. Thus, any malperforming or inoperative nozzles 
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may be purged before using the invention to conden- 
sate for the inoperative nozzles. This technique has the 
advantage of restoring function of malperforming and 
inoperative nozzles, if possible, so that a minimum 
number of malperforming and inoperative nozzles need $ 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantly reduced. None- 
theless, some of these malperforming and Inoperative 
nozzles nonetheless may resist purging operations. 
According to this technique, compensating for such per- 70 
manently malperforming and inoperative nozzles by 
using operative nozzles would only occur after any 
unsuccessful purging operations; 
[0043] As is evident from the foregoing description, 
certain other aspects of the invention are not limited to is 
the particutar details of the examples illustrated, and it Js 
therefore contemplated that other modifications and 
applications will occur to thc^e skilled in the art It is 
accordingly intended that the claims shall cover ail such 
modifications and appHc^tipnsas do not depart from^ 20. 
true S|::Mrit arKl scope of the inverifioh. 
[0044] Therefore, what is prbwde^^^^^ 
and method of compensating for malperforming and 
inoperative ink nozzles in a print head, so that high qual- 
ity images are printed although some ink nozzles are 2s 
malperforming or inoperative. 

Claims 

1. An ink Jet printer, comprising. 30 

(a) a plurality of drop-emitter nozzles (50) 
arranged such that a first nozzle is adapted to 
print along a first path substantially the same 

as a second path previously printed by a sec- 35 
ond nozzle; arid 

(b) a control (90) adapted to enable said first 
riozzle during a portion of the f irst path arid to 
enable said second nozzle during a comple- 
mentary portion of the first path, such that said 40 
first or said second nozzle is enabled during 
the entirety of the first path, said control being 
effective to disable said first or said second 
nozzle during the entirety of the first path and 

to enable said first rK>zzle or said second noz- 45 
zle during the entirety of the second path. 

2. The printer of claim 1. further comprising a nozzle 
transport mechanism (120) connected to said noz- 
zles for translating said nozzles in a first direction so 
with respect to the receiver, so that said nozzles 
print on a receiver (30) in the first direction. 

3. The printer of claim 32 further comprising a receiver 
transport mechanism (160) engaging said receiver ss 
for transporting said receiver in a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to the first direction. 

4. TTie printer of claim 1 , wherein said control is capa- 
ble of electrically driving said nozzles to eject ink 
droplets therefrom: 

5. A print head, comprising: 

(a) a plurality of nozzles, at least one of said 
nozzles being inoperative and at least another 
one of said nbzzles being operative: and 

(b) a cprnputer (90) connected to said nozzles 
fbr re-aisagnihg printing fun<^ inoper- 
ative nozzle'to said operative no^la 

6. The print head of daim 5, further comprising a 
detection systern (325) CQU^^ said nozzles for 
deteicfii^j saj^ 

7. The pririt head pf dcd^ whii^in s^ 
syst^teani^^ 

8. A method of a^iembting a printer, ppmprising the 
steps of: 

(a) providing a plurality of drop-emitter nozzles 
ranged such that a first nozzle is adapt^ to 
print alGuig ia fir$t path substantially the s^ 
as a second patti previously printed by a sec- 
ond nozzle; arid ^ 

(b) providing a control adapted to enable said 
first nozzle during a portion of the first path and 
to enat)ie s^ 

memary pprtipn of the first path, such that saici: 
first or said secorn:^ 
the entiretyio^^ paifii;; said <^ 

effectiwa: to^ said first br said isecqn^ 

noKle during the ehtirety of tlie first path and 
to enable said first nozzle or said secprid noz^ 
zle during the eritirety of the second path/ 

9. The method of claim 8^ further comprising the: s^ 
of connecting a nozzle transport imectieml;^^^ 
nozzles for trarvslatirig the nozzles in a fli^ djreplppn 
with respect to the receiver, so: tiiat the nosi^ print 
on the receiver in the first direction. 

10. The method of claim 9. further comprising the step 
of engaging a receiver transport mechanism with 
the receiver for transporting the receiver in a sec- 
ond direction orthogonal with respect . to the print 
head, so that the nozzles print on the receiver in the 
second direction orthogonal to the first directfon. 

1 1 . The method of daim 8. wherein the step of connect- 
ing a control comprises the step of connecting a 
control capatDle of electrically driving the nozzles to 
^ect ink droplets therefrom. 
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12. A method of assembling a print head, comprising 
the steps of: 

(a) providing a plurality of drop-emitter nozzles 
arranged sudi that a first nozzle is adapted to s 
print along a first path substantiiaUy the sarne 
as a secQnd path previously printi^ by a siaci- 
ond nozzle; fuid 

(b) prcMdih^ ci contrd adapted to 

first nozzle during a; portion of the finst pafti arid io 
to ehaUe isiaid secorKi nozzle during at comple;' 
mentary portion of the first path, such that said 
first or said second nozzle is enabled during 
the entirety of the first path, said control being 
effective Id disable sakJ first or i|iaid: Second is 
nozzle dtirihg the entirety of the ifirst path to 
enable sajd first nozzle or said second im^e 
during the entirety of the secorki path. 

13. Amethodofassenriblihga pririthead lOT priritingan 20 
image on a receiver, pomprisafig Ihis^steps of: 

(a) couplinig an optit^ dietecfion systeni to a 
plurality of nozzles for optically die^ecjBng: inop- 
erative hoziEleSi a proportion oif tfie nozzles 
being inc^eratrye aruj a remgum 
the nozzles t>eing operative; and 
p) connectlfi^ a computer to the <3ptical detj^ 
tibnsysi^ 
ihbpeiB^ 

that the operative nozzles compensate for the 
inoperative nozzles : in order tliat tiie Image is 
printed on the recehrer by the operativb noz- 
zles. 
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